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A CURED POLYPHENYLENE ETHER RESIN AND A CURABLE POLYPHENYLENE ETHER RES1N 



Background Of The Invention 
s Field Of The Invention 



Tne present inven«o„ relates to a cure, po.pheny^e ~^JZ%ffgZE °Z 
resin. More particularly, the ^^^ D ^Z^^Tl\ ^oZm l£JL PO.ypheny.ene 
comprising a chloroform nonerasable to form various types of methyl- 

ether, and which is decomposable by pyrolysis gas cnrom«uy »w y a relatively small 

specific average substitution degree of an alkenyl group and/or an a,k f/ ^ei Jtri^ constant and a 
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Di scussion Of Related Art 
"Relent years, minimis and 

of electronic devices for communication, house-serv.ce «* as 3 low 

such devices having excellent heat resistance ^'^^^.^^iS^e of a substrate 
dielectric constant have been strongly desired For exampte a ^^J^en used as a printed 
containing a thermosetting resin such ^^JJ^ ^rlE have undesirable electrical 
STiST; 5M- ^nfr^h freouency range, although the resins bave an 

a new material, and it has been attempted to apply a P^JJW^aS whch h2 not only excellent 
of conventional polyphenylene ethers are likely to under fJ^°^ copper foils 



so curable polyphenylene ether, which ,s. however ot J^ 1 ^^*^ J^l^ 
weeks when they are allowed to stand in the air. 
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U.S. Patent Nos. 3,281,393 and 3,422,062 disclose a copolymer of 2,6-dimethylphenol and 2-allyl-6- 
methylphenol and a copolymer of 2,6-dimethylphenol and 2,6-diallylphenol. These copolymers have a high 
molecular weight. However, the softening temperatures of the copolymers are higher than their curing 
temperatures and, therefore, the melt-molding of the copolymer is infeasible. 

5 . In order to improve the melt-moldability of the copolymer, it has been proposed to add a large amount 
of a plasticizer to the copolymer (see U.S. Patent No. 3,422,062). However, the use of a large amount of a 
plasticizer leads to not only an impairment of desired electric properties such as a low dielectric constant 
and a low dielectric dissipation factor of a polyphenylene ether, but also to a decrease in heat resistance 
and chemical resistance. Further, the tensile strength at break of the cured product of the copolymer 

io becomes extremely low, that is, as low as about 28 kg/cm 2 at 24 'C (see Example 7 of U.S. Patent No. 
3,422,062) and, therefore, it is of no practical use. 

Tsuchida et a! disclose polyphenylene ethers containing double bonds other than those of allyl groups, 
such as a polymer of 2-substituted a!lyl-6-methylphenol and a polymer of 2,6-di-substituted allylphenol [see 
Japanese Patent Application Laid-Open Specification Nos. 56-120729 and 58-27719; Makromol. Chem., 
is 182, 2361 (1981) and ibid., ]83, 1889 (1982)]. The authors studied the oxidative polymerizability of a 2,6-di- 
substituted phenol having a double bond in its side chain, and made the following findings: 

(1) when a monomer having a double bond conjugated with an aromatic ring of a phenol, such as 
2,6- divinylphenol, is polymerized, crosslinking and branching are caused during the polymerization due to 
the presence of the conjugated double bond and, therefore, a straight-chain polyphenylene ether cannot be 

20 produced; and 

(2) with respect to a monomer having a double bond at a position apart from an aromatic ring of a 
phenol, polymerization of the monomer does not occur due to a steric bulkiness of the monomer. 

From the above-mentioned findings, Tsuchida et al concluded that a 2,6-disubstituted phenol, at least 
25 one substituent of which is a substituted ally! group, is the only monomer which can be polymerized, to 
provide a polyphenylene ether having a reactive double bond in its side chain. As the substituted aJlyl 
group, they disclose a butenyl group, a prenyl group, a cinnamyl group, etc. They also disclose that the 
double bond of the substituted allyl group can be utilized for not only a reaction for grafting a vinyl 
monomer on the polyphenylene ether chain by the radical polymerization of a vinyl monomer but also 
30 halogenation, epoxidation and amination reactions. However, the polymer of Tsuchida et al has a disadvan- 
tage in that it is necessary to use an expensive phenol having a double bond of a butenyl group, a prenyl 
group or a cinnamyl group for producing a polyphenylene ether having a double bond. In addition, it is 
noted that Tsuchida et al do not disclose the crosslinking property, thermal properties and other physical 
properties of their polyphenylene ether. 

As a polyphenylene ether having a double bond conjugated with the aromatic ring of each phenol, there 
is disclosed a vinyl group-substituted polyphenylene ether (see U.S. Patent No. 4,634,742). The vinyl group- 
substituted polyphenylene ether of this patent is produced by polymerizing 2,6-dimethylphenol and then 
converting, the methyl groups of the resultant polymer into vinyl groups or introducing vinyl groups to the 3- 
and 5-positions.of the phenyl group of the polymer. The vinyl groups introduced in the polyphenylene ether 
in the above process are not bonded to the aromatic ring of the polyphenylene ether through a flexible 
carbon chain or an ether bond but are directly bonded to the aromatic ring of the polyphenylene ether. 
When such a vinyl group-substituted polyphenylene ether is subjected to crosslinking, the resultant cured 
resin is poor in flexibility and is extremely brittle. Therefore, such a polyphenylene ether cannot be 
practically used. This type of polyphenylene ether is also disadvantageous in that because it is poor in 
susceptibility to crosslinking, high temperatures, such as 300 * C or more, are required for crosslinking. 

The vinyl group-substituted polyphenylene ether mentioned above can be prepared by reacting a 
polyphenylene ether with bromine to brominate the methyl groups at the 2- and 6-positions of a phenyl 
group or subjecting a polyphenylene ether to Friedel-Crafts reaction with 1-chloromethoxy-4-chlorobutane in 
the presence of tin tetrachloride to introduce chloromethyl groups to the 3- and 5-positions of a phenyl 
group, and then reacting the thus introduced halomethyl groups with triphenylphosphine to convert each 
halomethyl group into a phosphonium salt, followed by subjecting the phosphonium salt to Wittig reaction 
using formaldehyde and sodium hydroxide to convert the phosphonium salt into a vinyl group. However, 
this method is industrially disadvantageous in that three reaction steps and special chemicals are needed 
for the introduction of vinyl groups to the polyphenylene ether. 

In addition to an ally! group and a vinyl group, an alkynyl group such as an ethynyl group has been 
known as one of the representative examples of crosslinkable functional groups. However, actual introduc- 
tion of an alkynyl group to a polyphenylene ether has never been disclosed. 

In these situations, it has be n desir d to develop a cured polyphenylene ether resin having xcellent 
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^T^T^T a, i reSi T Ce With ° Ut SaCri,iCin9 the exCel,ent mec « Properties and 



Summary Of The Invention 



'0 The present inventors have made extensive and intensive studies with a vie* toward ^ 
cured po.ypheny.ene ether resin which is exce.ient not on.y in mechanica, Jl^^StKtal 
propert.es such as a low dielectric constant and a low dielectric dissipation factor but J™ in hi, ? 

Brief -Description Of The Drawings 
*o In the drawings: 

resin oH^eseTt 22£2K S^- ^ ^ ° f 3 «"~ ~,ne e.er 
obtaine^in^ef ^ ^ " 3 ^ ^ hen ^ «~ of the present invention 

45 ExampSV 18 ^ ,H ' NMR SPeCfrUm ° f 3 CUrab ' e ^P^'ene ether of ft. present invention obtained in 
Exempted IT ' H ' NMR SP6CtrUm ° f 3 CUrab ' 8 ^^ene ether of the present invention obtained in 

so Exempt 5 " ** * °* * CUrab,e P^P^nytene ether of the present invention obtained in 
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Detailed Description Of The Invention 
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resin is decomposable by pyrolysis gas chromatography to form (a) 2-methylphenol, (b) 2,6-dimethylphenol, 
(c) 2.4-dimethylphenol. (d) 3,5-dimethylphenol and (e) 2.4,6-trimethylpheno! in proportions such that said 
components (a), (b). (c), (d) and (e) satisfy the following inequaiity: 

40 £ - x 100^ 7.0(%) f 

A+B + C + D + E 

wherein A, B, C, D and E represent the areas of peaks on a pyrolysis gas chromatogram attributed to said 
components (a), (b), (c). (d) and (e), respectively. 

The chloroform extractable polyphenylene ether is present in an amount of from 0.01 to 20 A by weight, 
based on the weight of said resin, as determined from the amount of a chloroform extract obtained by 
treating the resin with chloroform at 23 * C for 12 hours, and contains units of the formula: 
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wherein R\ R 2 , R 3 and R* each independently represent a hydrogen atom, an alkenyl group represented by 
the formula: 

A 5 

-fCH^CaC (ID 

'7 
R 

wherein t is an integer of from 1 to 4. and R s . R s and R 7 each independently represent a hydrogen atom 
or a methyl group, 

or an alkynyl group represented by the formula: 
— f CH g-^-jj- OC-R 8 OH) 

wherein k is an integer of from 1 to 4 and R 8 represents a hydrogen atom, a methyl group or an ethyl 
group, 

at least one of R\ R 2 , R 3 and R* being other than hydrogen, 
with the proviso that each unit may be the same or different. 

The cured polyphenylene ether resin of the present invention is substantially comprised of poly- 
phenylene ether structural units. This can be confirmed by infrared spectroscopy (IR), high resolution solid 
NMR pyrolysis gas chromatography, or other known techniques. Among these, pyrolysis gas chromatog- 
raphy provides a particularly useful analytical means. Especially when pyrolysis gas chromatography is 
used, the present cured resin can readily be distinguished from conventional cured polyphenylene ether 
resins as described below. . 
The cured polyphenylene ether resin of the present invention is decomposable by pyrolysis gas 
50 chromatography, particularly by pyrolysis of the resin at 500 ' C for 4 sec in an inert gas atmosphere, to 
form a characteristic decomposition product containing five components, i.e.. (a) 2-methylphenol, (b) 2,6- 
dimethylphenol, (c) 2,4-dimethylphenol. (d) 3.5-dimethylphenol and (e) 2,4,6-trimethylphenol. Of these five 
decomposition product components, components (a), (b). (c) and (e) are found in decompositron products of 
conventional polyphenylene ether resins also. The mechanism of formation of such decomposition product 
55 components is described for example, in J. Appl. Poly. Sci., vol. 22. page 2891 (1978). How v r. 
component (d). i.e. 3,5-dimethylphenol, is specifically formed from the cured polyphenylene ether resin of 
the present invention/ and is not found in decomposition products of conventional polyphenylene ether 
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resins. 

In this connection, it should further be noted that when the cured polyphenylene ether resin of the 
present invention is decomposed by pyrolysis gas chromatography, components (a), (b), (c), (d) and (e) are 
formed in proportions such that these satisfy the following inequality: 

5 

40 > x 100 > 7.0 (%) , 

A + B + C + D + E 

10 wherein A. B, C, D and E represent the areas of peaks attributed to said components (a), (b), (c). (d) and 
(e), respectively. 
When the ratio of 

75 A+B+C+D+E X 100 

is less than 7.0 %. the curing degree of the cured polyphenylene ether resin is insufficient so that the resin 
has disadvantageously poor thermal resistance and chemical resistance. On the other hand, when the ratio 
20 exceeds 40 % t the curing degree of the cured polyphenylene ether resin is too high, so that the resin is 
disadvantageously brittle. 

The mechanism of formation of 3,5-dimethylphenol from the present cured resin has not yet been 
elucidated. However, the following explanation may be plausible. In the above-mentioned literature i.e.. J. 
Appl. Poly. Set., vol. 22, page 2891 (1978), it is taught that a reaction of Fries rearrangement type occur in 
25 the pyrolysis of conventional polyphenylene ethers, as shown in formula (a) below. 




The phenols obtained as a decomposition product of a conventional polyphenylene ether by the reaction of 
Fries rearrangement type, necessarily contain a methyl group at least at one of the 2-, 4- and 6-positions of 
the phenol ring. 

On the other hand, a curable polyphenylene ether resin as described later to be employed for 
producing the cured polyphenylene ether resin according to the present invention has an alkenyl group 
and/or an alkynyl group bonded to the polyphenylene ether chain. With respect to these groups; a 
polymerization reaction occurs during the curing step of the curable polyphenylene ether resin, so that the 
polyphenylene ether chains are strongly bound together. Therefore, it is believed that the reaction of Fries 
rearrangement type is hindered by the above-mentioned binding. Especially when substitution with at least 
one substituent selected from the group consisting of an alkenyl group and an alkynyl group occurs on a 
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methyl group of the polyphenyiene ether chain, the reaction of Fries rearrangement type suffers direct 
SrLeTon^ °these JSonal groups. Therefore, with respect to the cured polyphenyiene ether res.n of 
Z presenrLntion. pyro.ysis is believed to proceed for example, through the mechanism shown ,n 
formula (fi) below, thereby forming 3,5-dimethylpKenot. 

CH 3 CH 3 CH 3 CH 3 CH 3 

CH 2 CH 2 CH 2 CH 2 CfL, 
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R R | R R R 

15 



(8) 



50 



55 



CH 3 

wherein Ft represents a hydrogen atom, an alkenyl group and/or an alkynyl group. 

With respect to the amount of 3,5-dimethylphenol formed, it has been found that it .s increased as the 
averaoe substitution degree of the curable polyphenyiene ether resin as described later is increased. 

rjSlmentioned pyrolysis gas chromatography, a polyphenyiene ether resm sample ,» heated 
until pyrolysis of the sample occurs, and the components of the decomposition product formed as a result 
of pyre.ysfs are analy 2 ed by gas chromatography. The method of heating to be employed » P^wga. 
chromatography is not critical. For example, such heating may be performed by any one o the filament 
STHoS. furnace heating method, high frequency induction heating method an I laser ea n g 
method. Of these methods, the high frequency induction heating method (for example by means of Curie 
point pyrolyzer) is most preferred because not only is rapid heating feasible but also the obtained 
temperatures are accurate and highly reproducible. „„ fa ,, Q H mat 

Conditions for performing pyrolysis are not particularly limited Generally, however 1 
pyrolysis be performed in an inert gas atmosphere, at 500 C. for 4 sec. Under these condjon* 
conventional polyphenyiene ethers are either little decomposed or undergo no decomposrtion at a^ By 
contrast in the cured polyphenyiene ether resin of the present invention, the porfons of alkenyl and/0 
aZyf g oups undergo thecal decomposition under these conditions, thereby inducing decomposition of 
t rpoyphenylene JL chains. According.y. these conditions are most preferred m the analyse of J£ 
dimethvlphenol formed due to the incorporation of alkenyl and/or alkynyl groups into polyphenyiene ethe 
SStTSJSZ that heiium and nitrogen gases be used as the inert gas. since these are atec > usefu 
as a carrier gas in gas chromatography. Pyrolysis samples are preferably in powdery form, smce it ensures 

hi9h Se^a*mns to be employed in the gas chromatography are not limited, as long m .each of me 
aforementioned decomposition product components (a) to (e) can be completely separated Gener a«y 
Soever, a nonpolar column of a methylsilicone or a column having about the same nonpolanty as that of a 
methyls icone is most preferred. With respect to the type of a column, both a packed column and a 
SSK^EnJS be' used. Of these, the latter is preferred because it ensures «M< separ^on. 
Column temperature is not limited. However, it is generally preferred for shorten.ng separafon bme that 
column temperature be elevated from about 50 * C at a rate of from 10 to 20 C per mm. 

r g as chromatography (GC). a thermal conductivity type detector (TCD) and a flame ionization detector 
(FID) may be used Is a detector. The GC may be connected to a mass spectrometer («P P«t 
us of these instruments. When only qualitative analysis is sufficient, a Founer-transform infrared spectrom- 
eter fFT-IFO mav be used in place of the above-mentioned detectors. 

nhe cured polyphenytene ether resin of the present invention, the chloroform exjartabe poly- 
phenyiene ether is present in an amount of from 0.01 to 20 % by weight, preferably from 0.01 to 10 /. by 
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weight, based on the weight of the resin. When the amount is less than 0.01 % by weight, the cured resin is 
disadvantageous^ brittle. On the other hand, when the amount exceeds 20 % by weight, the chemical 
resistance of the cured resin is poor. 

The content (W %) of a chloroform extractable poiyph nylene ether in th cured r sin is obtained by 
weighing a resin sample (weight: W,). immersing the sample in chloroform at 23 ' C for 12 hours, taking out 
the sample from chloroform, removing the chloroform, weighing the resultant sample (weight: W 2 ). and 
calculating in accordance with the formula: 

W = x 100 (%)• 

W 1 



In the above formula, Wi -W 2 means the amount of a chloroform extract. From the viewpoint of the facility 
in removing chloroform after immersion, it is preferred that the resin sample be in a film form or powdery 
form. 

The chloroform extractable polyphenylene ether component of the cured polyphenylene ether resin of 
the present invention contains units of the formula: 

20 



25 




30 wherein R\ R 2 . R 3 and R 4 each independently represent a hydrogen atom, the above defined alkenyl group 
of formula (II) or the above defined alkynyl group of formula (III), 
at least one of R ! , R 2 . R 3 and R* being other than hydrogen, 
with the proviso that each unit may be the same or different. 

The average substitution degree as defined later of an alkenyl group and/or an alkynyl group with 

35 respect to the chloroform extractable polyphenylene ether is generally in the range of from 0.1 to 100 % by 
mole, as in the curable polyphenylene ether resin described below. In this connection, the average 
substitution degree of the chloroform extractable polyphenylene ether is not necessarily identical with that 
of the curable polyphenylene ether resin. 

The viscosity number fasp/c) of the chloroform extractable polyphenylene ether is generally in the 

40 range of from 0.05 to 1.0 as measured in a 0.5 g/dt chloroform solution of the chloroform extractable 
polyphenylene ether at 30 " C. 

The structure of the chloroform extract from the cured polyphenylene ether resin can be confirmed by 
nuclear magnetic resonance spectroscopy (NMR), infrared spectroscopy (IR), etc. Of these. NMR, espe- 
cially ? H-NMR, is preferred. 

46 Representative examples of alkenyl groups include an ally! group, a 2-methyl-2-propenyi group, a 2- 
butenyl group, a 3-butenyl group, a 3-methyl-2-butenyl group, a 4-methyl-3-pentenyl group, a 4-pentenyl 
group, and a 5-hexenyl group. Representative examples of alkynyl groups include a propargyl group, a 2- 
butynyl group, a 3-butynyl group, a 2-pentynyl group, a 3-pentynyl group, a 4-pentynyl group, a 3-hexynyl 
group and a 5-hexynyl group. 

so The cured polyphenylene ether resin of the present invention may preferably be produced by curing a 
curable polyphenylene ether resin as defined below. Accordingly, in another aspect of the present invention, 
there is provided a curable polyphenylene ether resin comprising at least one polyphenylene ether 
represented by the formula: 

55 Q E- J H] m (IV) 

wherein m is an integer of from 1 to- 6, J is a polyphenylene ether chain comprising units of the formula: 



a 
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R 2 CH^R 1 
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—\0) o— (i) 



R 3 CH 2 -R 4 

wherein R\ R 2 , R 3 and R 4 each independently represent a hydrogen atom, an alkenyl group represented by 
the formula: 

-iCHj^rCrC 6 (H> 
rs | R 

R 7 

wherein t is an integer of from 1 to 4, and R 5 , R 6 and R 7 each independently represent a hydrogen atom 
20 or a methyl group; 

or an alkynyl group represented by the formula: 

—4 CH OCR* (HI) 

25 wherein k is an integer of from 1 to 4 and R 8 represents a hydrogen atom, a methyl group or an ethyl 
group, 

at least one of R\ R 2 , R 3 , and R 4 being other than hydrogen, and 

q' represents a hydrogen atom when m is 1, and represents Q or Q substituted with at least one 
substituent selected from the group consisting of an alkenyl group as defined above and an alkynyl group 
30 as defined above when m is greater than 1 , 

where Q represents the residue of a polyfunctions phenol having from 2 to 6 phenolic hydroxyl groups and 
has unpolymerizable substituents at the ortho and para positions with respect to the phenolic hydroxyl 
groups, 

with the proviso that each polyphenylene ether chain may be the same or different. 
35 The curable polyphenylene ether resin has an average substitution degree of alkenyl and alkynyl 
groups of from 0.1 to 100 % by mole as defined by the formula: 

total number of moles of alkenyl and 
alkynyl groups in the polyphenylene 
40 ether resin 



number of moles of phenyl groups in 
the polyphenylene ether resin 



x 1 00(%) 



The ratio of the total number of moles of alkenyl and alkynyl groups to the number of moles of phenyl 
groups is determined in terms of the ratio of the total area of peaks attributed to the protons of alkenyl and 
alkynyl groups to the area of peak attributed to the protons of phenyl groups on a 1 H-NMR spectrum of the 
curable polyphenylene ether resin. 
50 In formula (I), as defined in formula (IV), R\ R 2 , R 3 and R 4 each independently represent a hydrogen 
atom, an alkenyl group, or an alkynyl group, with the proviso that at least one of R 1 , R 2 , R 3 and R 4 is other 
than hydrogen. 

Representative xamples of alkenyl groups include an ally! group, a 2-methyl-2-propeny1 group, a 2- 
butenyl group, a 3-butenyl group, a 3-methyl-2-butenyl group, a 4-methy!-3-pent nyl group, a 4-pentenyl 
55 group, and a 5-hexenyl group. Representative examples of alkynyl groups include a propargyl group, a 2- 
butynyl group, a 3-butynyl group, a 2-pentynyi group, a 3-pentyny! group, a 4-pentynyl group, a 3-hexynyl 
group and a 5-hexynyl group. 

As is apparent from the above-mentioned definition of th averag substitution degree, the possible 
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maximum value of the average substitution degree is 400 % by mole. From the viewpoint of attaining the 
objective of the present invention, however, it is necessary that the average substitution degre of the 
curable polyphenylene ether resin be in the range of from 0.1 to 100 % by mole. Preferably, the average 
substitution degree is in the range of from 0.5 to 50 % by mo! . When the av rage substitution degree is 
less than 0.1 % by mole, the cured polyphenylene ether resin will not have the desired chemical resistance. 
On the other hand, when the average substitution degree exceeds 100 % by moie. the cured polyphenylene 
ether resin is disadvantageous ly brittle. 

The presence of an alkenyl group -and/or an alkynyl group can be confirmed by nuclear magnetic 
resonance spectroscopy (NMR), infrared spectroscopy (IR), etc. The above-mentioned average substitution 
degree can be determined in terms of the ratio of the total area of peaks attributed to the protons of alkenyl 
and alkynyl groups to the area of peak attributed to the protons of phenyl groups on a 'H-NMR spectrum of 
the curable polyphenylene ether resin. 

From the viewpoint of attaining the objective of the present invention, it is necessary that the curable 
polyphenylene ether resin have viscosity number fasp/c) of from 0.2 to 1.0 as measured in a 0.5 g/dX 
chloroform solution of the curable polyphenylene ether resin at 30 "C. When the viscosity number is less 
than 0.2. the cured polyphenylene ether resin has poor mechanical properties. On the other hand, when the 
viscosity number exceeds 1.0, the softening temperature of the curable polyphenylene ether resin is 
disadvantageously high so that melt-molding of the polymer is difficult. Moreover, when a curable 
polyphenylene ether resin having a viscosity number of more than 1 .0 is used in the form of a solution, the 
solution is likely to suffer undesirable gelation. 

In the above-mentioned formula (IV), q' represents a hydrogen atom when m is 1. When m is greater 
than 1, Q represents Q or Q substituted with at least one substituent selected from the group consisting of 
an alkenyl group of formula (II) and an alkynyl group of formula (III). Q is the residue of a polyfunctional 
phenol having from 2 to 6 phenolic hydroxyl groups and having unpolymerizable substituents at the ortho 
and para positions with respect to the phenolic hydroxyl groups. Representative examples of Q include 
residues represented by the following formulae (V) to (VIII): 
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(VII); and 



w 




o 
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(VIII), 



q 



20 



wherein A' and A* each independently represent a straight-chain alkyl group of 1 to 4 carbon atoms, X 
represents an unsubstituted or substituted aliphatic hydrocarbon group, an unsubstituted or substitutec 
aralkyl group, an oxygen atom, a sulfur atom, a sulfonyl group or a carbonyl group; Y represents ar 
25 unsubstituted or substituted aliphatic hydrocarbon group, an unsubstituted or substituted aromatic hydrocar- 
bon group or an unsubstituted or substituted aralkyl group, Z represents an oxygen atom, a sulfur atom, s 
sulfonyl group or a carbonyl group; and 

the bonding line crossing the middle point of a side of the benzene ring, e.g. 



indicates bonding of a substituent at the ortho or para position of the benzene ring with respect to 
phenolic hydroxyl group; and wherein p is an integer of 0 to 4 and q is an integer of 2 to 6. 
Specific examples of Q include residues represented by the following formulae; 
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The curable polyphenylene ether resin of formula (IV) may be shaped or cured in a predetermined form 
prior to use in various application fields. The method for shaping is not limited. Generally, the shaping may 
2o be conducted by a conventional casting method in which the polyphenylene ether resin is dissolved in a 
solvent and shaped into a predetermined form, or a conventional heat-melting method in which the 
polyphenylene ether is melted by heating and then shaped into a predetermined form. 

Representative examples of solvents which may be used in the casting method include halogenated 
hydrocarbons such as chloroform, trichloroethylene and dichioromethane; and aromatic hydrocarbons such 
^ as benzene, toluene and xylene. These solvents may be used individually or in combination. The curable 
polyphenylene. ether resin may generally be dissolved in the solvent at a concentration of 1 to 50 % by 
weight. The form of the shaped article is not limited. Generally, the curable polyphenylene ether resin of the 
present invention may be shaped into a sheet or a film. For example, in the case of a film, the curable 
polyphenylene ether resin solution is coated or cast on a substrate such as a stainless steel plate, a glass 
3Q plate, a polyimide film, a polyester film or a polyethylene film. The thickness of the polyphenylene ether 
solution coated or cast on the substrate is not limited and is generally determined according to the intended 
thickness of the resultant film and the polyphenylene ether resin concentration of the solution. After coating 
or casting, the solvent of the solution is removed by air drying, hot-air drying, vacuum drying or the like, to 
thereby form a film. The film thus formed is peeled off from the substrate. If desired, the film thus obtained 
35 may again be subjected to removal of the solvent remaining in the film. However, it is not always required 
to completely remove the solvent from the film. The removal of the solvent is conducted at a temperature 
which does not exceed the temperature which the substrate can stand. Generally, the removal of the solvent 
can be conducted at about 23 # C to about 1 50 * C. 

In the case of the heat-melting method, the shaping of the polyphenylene ether resin which has been 
4Q melted by heating may be conducted by a customary melt-molding method such as injection molding, 
• transfer molding, extrusion, press molding or the like. The melt-molding may generally be conducted at a 
temperature higher than the glass transition temperature of the curable polyphenylene ether resin but lower 
than the temperature at which the curable polyphenylene ether resin begins to cure. 

As mentioned hereinbefore, the curable polyphenylene ether resin of the present invention has an 
alkenyl group and/or alkynyl group as a substituent The glass transition temperature of the curable resin is 
decreased in proportion to the increase of the average substitution degree. Generally, a polyphenylene 
ether having no aJkenyl group and/or alkynyl group (hereinafter often referred to as ^substituted 
polyphenylene ether") has a glass transition temperature of about 210 'C. On the other hand, the curable 
polypheny lene^ ether resin of the present invention has a glass transition temperature of from about 140 "C 
5q to about 210 C. which is lower than that of the unsubstituted polyphenylene ether by several to 70 *C, 
due to the presence of the alkenyl groups and/or alkynyl groups. Therefore, the curable polyphenylene 
ether resin of the present invention can easily be melt-molded as compared to the unsubstituted 
polyphenylene ether. 

The temperature at which the curable polyphenylene ether resin of the present invention begins to cure 
55 may generally be about 250 C to about 380 ' C. The curing reaction of the polyphenylene ether resin can 
be monitored by differential scanning calorimetry, infrared spectroscopy or the like. 

The above-mentioned casting method and heat-melting method can be used individually. Alternatively 
these methods may also be used in combination. For example, it is possible that polyphenylene ether resin 
films are obtained by the casting method and, then, several to several tens of films are piled up and fused 
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with one another by the melt- molding method such as press molding, to thereby obtain a polyphenylene 
ether resin sheet. 

The curable polyphenylene ether resin of the present invention can be used alone. Alternatively, the 
curable polyphenylene ether resin of the present invention can be mixed with a filler and/or an additive in 

s order to impart additional desired properties to the cured polyphenylene ether resin according to the 
intended use, as long as such a filler and additive do not adversely affect the properties of the cured 
polyphenylene ether resin. The filler can be in either fibrous form or powdery form. Representative 
examples of fillers include a carbon fiber, a glass fiber, a boron fiber, a ceramic fiber, an asbestos fiber, 
carbon black, silica, alumina, mica, a glass bead, a glass hollow sphere and the like. Representative 

10 examples of additives include an antioxidant, a thermal stabilizer, a fire retardant, an antistatic agent, a 
plasticizer. a pigment a dye, a colorant and the like. 

Further, at least one crosslinkable monomer may also be added to the curable polyphenylene ether 
resin of the present invention. Moreover, at least one of thermoplastic and thermosetting resins can also be 
added to the curable polyphenylene ether resin of the present invention. 

is The cured polyphenylene ether resin of the present invention can be produced by curing the curable 
polyphenylene ether resin of the present invention by heating, light exposure, electron beam exposure or 
the like. Of these, heating is most preferred. The curable polyphenylene ether resin can be cured after 
shaping into a predetermined form by a casting method or a melt-molding method. 

The curable polyphenylene ether resin per se of the present invention may be subjected to curing 

20 without the use of a polymerization initiator, if it is desired to increase the chemical resistance of the 
resultant cured polyphenylene ether resin, or if it is desired to lower the curing temperature of the curable 
polyphenylene ether resin, a polymerization initiator may advantageously be used in curing the curable 
polyphenylene ether resin. As a polymerization initiator, there may advantageously be employed a radical 
polymerization initiator, which can suitably be chosen taking into consideration the decomposition tempera- 

25 ture of the radical polymerization initiator and the desired curing temperature to be employed. Both 
peroxide initiators and non-peroxide initiators can be used in the present invention. Representative 
examples of radical polymerization peroxide initiators include peroxides such as cumene hydroperoxide, 
2,5-dimethylhexane-2,5-dihydroperoxide, 2,5-dimethyl-2,5-di(t-butylperoxy)hexyne-3, di-t-butyl peroxide, t- 
butylcumyl peroxide, a,a'-bis(t-butylperoxy-m-isopropyl)benzene, 2 t 5<nmethyl-2,5-di(t-butylperoxy)hexane, 

30 dicumyi peroxide, di-t-butylperoxy isophthalate, t-butylperoxy benzoate, 2,2-bis(t-butylperoxy)butane, 2,2- 
bis(t-butylperoxy)octane, 2,5-dimethyf-2,5-di(benzoylperoxy) hexane, di(trimethylsilyl)peroxide and trimethyl- 
silyltriphenylsilyl peroxide and the like. Representative examples of non-peroxide initiators include 2,3- 
dimethyl-2,3-diphenylbutane and the like. But the radical polymerization initiators which can be used for 
curing the curable polyphenylene ether resin of the present invention are not to be limited to those 

35 mentioned above. 

The amount of the polymerization initiator to be used can generally be 0.01 to 10 parts by weight,- 
preferably 0.1 to 5 parts by weight relative to 100 parts by weight of the curable polyphenylene ether resin. 
When the amount of the polymerization initiator is lower than 0.01 part by weight, an increase in crosslink 
density cannot be attained. On the other hand, when the amount of the polymerization initiator is larger than 
40 10 parts by weight, the initiator undesirably remains in the resultant cured polyphenylene ether resin after 
curing, and the cured polyphenylene ether resin becomes brittle. 

In the case of the casting method, the polymerization initiator can be added to a solvent together with 
the curable polyphenylene ether resin. On the other hand, in the case of the melt-molding method, the 
polymerization initiator can be added to the curable polyphenylene ether resin just before melting the 
45 curable polyphenylene ether resin by heating. 

The temperature which can be employed for curing the curable polyphenylene ether resin is not limited. 
When the curable polyphenylene ether resin is subjected to curing without using any polymerization 
initiator, curing will generally be conducted at a temperature of about 260 " C to about 350 ' C. On the other 
hand, when a polymerization initiator is used in combination, curing will generally be conducted at a 
so temperature in the same range as mentioned above, and it is also possible to conduct curing at a 
temperature lower than the above-mentioned range, for example, about 140 # C, depending on the 
decomposition temperature of the polymerization initiator employed. 

The curing period of time should also not b limited. Generally, th curing may be conducted for about 
1 minute to about 3 hours, preferably about 1 minute to about 1 hour. 
55 The curabl polyphenylene ether resin of the present invention may be produced, for example, by 
either of the following methods (1) and (2). 

Method (1) comprises: 
r acting a polyph nylene ether represented by the following formula (IX): 
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q j'. H ] m (IX) 

wherein m is an integer of from 1 to 6, J is a polyphenylene ether chain comprising units of the formula: 
H CH^ 

(X) 
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and Q represents a hydrogen atom when m is 1, and represents the residue of a polyfunctional phenol 
having 2 to 6 phenolic hydroxyl groups and having unpolymerizable substituents at the ortho and para 
positions with respect to the phenolic hydroxyl groups when m is greater than 1 , 
with an organometallic compound to metalate the polyphenylene ether; and 

reacting the metalated polyphenylene ether with an alkenyl haiide represented by the following formula (XI): 

L-fCH^C-C^ (XI) 
R 7 

wherein t is an integer of 1 to 4: L is a chlorine atom, a bromine atom or an iodine atom; and R 5 , R 6 and 
R 7 each independently represent a hydrogen atom or a methyl group, 
and/or an alkynyl haiide represented by the following formula (XII): 



CH 2^ k C »C-R 8 (XII) 

wherein k is an integer of 1 to 4; L is a chlorine atom, a bromine atom or an iodine atom; and R 8 is a 
hydrogen atom, a methyl group or an ethyl group, 
35 to thereby substitute the metal atom of the metalated polyphenylene ether with an alkenyl group and/or 
alkynyl group. 

Method (2) comprises: 

adding halogen atoms to the double bond of the alkenyl group of an alkenyl group-substituted poly- 
phenylene ether represented by the formula (XIII): 



40 



0 = E- /-H] m (XIII) 

wherein m is an integer of from 1 to 6, J " is a polyphenylene ether chain comprising units of the formula: 
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(XIV) 

o — 
R 11 X CH 2 -R 12 

wherein R 9 , R 10 , R 11 and R 12 each independently represent a hydrogen atom, an alkenyl group represented 
by the formula: 

CH 2 ) j CH = CHR 8 (XV) 
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wherein j is an integer of 1 to 4, and R 8 is a hydrogen atom, a methyl group or an ethyl group, 
at least one of R 9 , R 10 , R 11 and R 12 being other than hydrogen, and 

Q - represents a hydrogen atom when m is 1, and represents Q or Q substituted with at least one 
5 substituent selected from the group consisting of an aikenyl group as defined by the formula (XV) when m 
is greater than 1; 

where Q represents the residue of a polyfunctional phenol having 2 to 6 phenolic hydroxy! groups and 
having unpolymerizable substituents at the ortho and para positions with respect to the phenolic hydroxyl 
groups when m is greater than 1 , and 
w reacting the halogen atom-added- polyphenylene ether with a metal amide to thereby effect de- 
hydrohalogenation . 

Representative examples of polyfunctional phenol residues in the polyphenylene ether of formula (IX) to 
be used in the production method (1 ) include residues represented by the above-mentioned formulae (V) to 
(VIII). With respect to the method for producing the polyphenylene ether of formula (IX), there is no 

is particular limitation. For example, the polyphenylene ether of formula (IX) can be produced by oxidative 
polymerization of 2,6-dimethylphenol alone. Alternatively, the polyphenylene ether of formula (IX) can be 
produced by oxidative polymerization of 2,6-dimethylpheno! in the presence of the above-mentioned 
polyfunctional phenol residue according to the method disclosed in Japanese Patent Application Publication 
Specification Nos. 55-40615 and 55-40616. The polyphenylene ether of formula (IX) can be an oligomer or 

20 a high polymer, but it is preferable to employ a polyphenylene ether having a viscosity number (i?sp/c) in 
the range of from 0.2 to 1.0 as measured in 0.5 g/dJt chloroform solution of the polyphenylene ether at 30 
'C. 

Representative examples of organometallic compounds to be used in the production method (1) include 
an alkyi lithium such as methyl lithium, n- butyl lithium, sec-butyl lithium and tert-butyl lithium; phenyl 

25 lithium; and an alkyi sodium. 

The aikenyl haiide of formula (XI) and the alkynyl halide of formula (XII) to be used in the production 
method (1) are halides respectively of the above-mentioned aikenyl group of formula (II) and alkynyl group 
of formula (III). Preferred examples of halogens of the halides include chlorine, bromine and iodine. The 
reactions in the production method (1) are performed in a solvent. Representative examples of solvents 

30 include an ether type solvent such as tetrahydrofuran (hereinafter referred to as THF), 1 ,4-dioxane and 
dimethoxyethane (hereinafter referred to as DME). Alternatively, the reactions can be performed in' a 
hydrocarbon type solvent such as cyclohexane, benzene, toluene and xylene, in the presence of N,N,N ,N - 
tetramethylethylenediamine (hereinafter referred to as TMEDA). Prior to use for the reactions, these 
solvents are preferably subjected to preliminary treatment such as purification and dehydration. These 

35 solvents can be used individually or in combination in appropriate proportions. Further, these solvents can 
be used together with a solvent other than those mentioned above as long as it does not inhibit the 
reactions. It is preferred that the reactions be performed under an atmosphere of an inert gas, such as 
nitrogen, argon, etc. 

With respect to the aikenyl halides and alkynyl halides, these can be used individually or in 

40 combination. When these are used in combination, a combination of the aikenyl halides, a combination of 
the alkynyl halides or a combination of the aikenyl haiide and the alkynyl halide can be used. In the case 
where the halides are employed in combination, the order of addition of the halides to the reaction system 
is not limited. The halides can also be mixed with each other prior to addition to the reaction system. 

There is no particular limitation with respect to the temperature and the period of time of the metalation 

45 reaction and the aikenyl and/or alkynyl substitution reaction. The metalation reaction and the aikenyl and/or 
alkynyl substitution reaction are generally performed at a temperature of from -78 " C to a temperature 
lower than the boiling point of the reaction system (in case the reaction system is frozen at a temperature 
higher than -78 * C, the reactions are performed at a temperature of from a temperature higher than the 
freezing point of the reaction system to a temperature lower than the boiling point of the reaction system), 

so preferably in the range of from 5 " C to a temperature lower than the boiling point of the reaction system. 
The reaction time for metalation is generally from 1 second to 50 hours, preferably from 1 minute to 10 
hours. The reaction time for aikenyl and/or alkynyl substitution is generally from 1 second to 50 hours, 
preferably from 1 minute to 10 hours. 

By the production method (1) as described above, the methyl group at the 2- and/or 6-position of the 

55 phenyl group and/or a hydrogen atom at the 3-and/or 5-position of the phenyl group of the polyphenylene 
ether chain can be substituted with the aikenyl group and/or alkynyl group. Further, the phenyl group and 
the alkyi group as an unpolymerizable substituent in the polyfunctional phenol residues represented by Q 
can also be substituted wfth the aikenyl group and/or alkynyl group. The factors determining th position 
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where substitution with the alkenyl and/or alkynyl occurs include the temperature of the reaction system, the 
reaction time and the type of the solvent. The factors det rmining the substitution degree incfud the 
temperature of the reaction system, the reaction time, the type of the solvent, the amount of the 
organometaJlic compound to be used for metalation and the amounts of the alkenyl halide and/or alkynyl 
halide to be used. The substitution degree can be controlled by regulating any of the above-mentioned 
factors. However, the desired substitution degree can be obtained by controlling the amount of the 
organometallic compound within the range of 0.001 to 5 mole per mole of the phenyl group, and controlling 
the amount of the alkenyl halide and/or alkynyl halide within the range of 1 to 3 equivalents relative to the 
above-controlled amount of the organometallic compound. Alternatively, the desired substitution degree can 
be obtained by using the organometallic compound in an excess amount, such as 1 to 3 equivalents relative 
to the amount of the alkenyl halide and/or alkynyl halide. and controlling the amount of the halide within the 
range of 0.001 to 5 mole per mole of the phenyl group. 

Representative examples of polyfunction^ phenol residues in the alkenyl substituted-polyphenylene 
ether (XIII) to be used in the production method (2) include residues represented by the above-mentioned 
formulae (V) to (VIII). 

Representative examples of alkenyl groups in elude aliyl group. 2-butenyl group. 3-butenyl group, 2- 
pentenyl group, 3-pentenyl group. 4-pentenyl group. 3-hexenyl group. 4-hexenyl group and 5-hexenyl 
group. 

The poiyphenylene ether of formula (XIII) may be an oligomer or a high polymer, but it is preferable to 
employ a polyphenylenylene ether having a viscosity number hsp/c) in the range of from 0.2 to 1 .0 as 
measured in a 0.5 g/dl chloroform solution of the poiyphenylene ether at 30 " C. 

As the halogen to be added to the double bond of the alkenyl group, there may be mentioned, for 
example, chlorine and bromine. The halogen addition reaction is performed in a solvent. Representative 
examples of solvents to be used in the addition reaction in the production method (2) include a halogen- 
substituted hydrocarbon compound such as chloroform, dichloromethane, 1,2-dichloroethane and 1,1,2,2- 
tetrachloroethane, and carbon disulfide. The metal amide to be used in the dehydrohalogenation reaction in 
the production method (2) is a compound represented by the formula RR'NM wherein R and R' each 
independently represent a hydrogen atom, an aliphatic hydrocarbon group having 1 to 6 carbon atoms, a 
trimethylsilyl group and the like, N represents a nitrogen atom and M is lithium or sodium. Representative 
examples of metal amides include lithium amide, sodium amide, lithium diethylamide, lithium 
diisopropylamide, lithium dicyclohexyiamide, lithium bis(trimethylsilyl)amide. The dehydrohalogenation reac- 
tion is performed in a solvent. Representative examples of solvents to be used in the dehydrohalogenation 
reaction include ether type solvents such as THF, 1,4-dioxane. and DME, and aromatic hydrocarbon type 
solvents such as benzene, toluene and xylene. 

All of the double bonds of the alkenyl groups of the poiyphenylene ether of formula (XIII) can be 
reacted with a halogen, or part of the double bonds can remain unreacted. The ratio of the double bonds 
reacting with a halogen can be controlled by regulating the amount of halogen used. There is no particular 
limitation with respect to the amount of halogen to be used. However, the amount of halogen is generally 
0.1 to 2 mole per mole of the alkenyl group. It is preferred that a metal amide be used in an amount of 2 to 
10 equivaJents per equivalent of the halogen added to the double bonds. 

There is no particular limitation with respect to the temperature and time for the halogen addition 
reaction and the dehydrohalogenation reaction using a metal amide. The halogen addition reaction is 
preferably performed at a temperature of from -78 # C (or a temperature higher than the freezing point of 
the reaction system) to a temperature lower than the boiling point of the reaction system, more preferably 
from -78 C (or a temperature higher than the freezing point of the reaction system) to 30 * C. for about 1 
minute to^ about 5 hours. The dehydrohalogenation reaction is preferably performed at a temperature of 
from -78 C (or a temperature higher than the freezing point of the reaction system) to a temperature lower 
than the boiling point of the reaction system, more preferably from -78 ' C (or a temperature higher than the 
freezing point of the reaction system) to 30 * C, for about 1 minute to about 5 hours. 

In the halogen addition reaction and the dehydrohalogenation reaction, there is no change in the 
substitution position and the average substitution degree of the alkenyl group. Therefore, the substitution 
position and the average substitution degree of the alkenyl group of the curable poiyphenylene ether resin 
of formula (IV) directly reflect those of the starting poiyphenylene ether of formula (XIII). 

In the curable poiyphenylene ether resin of the present invention, the molecular motion is activated due 
to the introduction of the aJkenyl group and/or alkynyl group. Therefore, the glass transition temp rature of 
the resin is lowered as the average substitution degree is increased. According to this, th glass transition 
temperature of the curable poiyphenylene ether resin of the present invention is in the rang of about 140 
C to about 210 * C whil the curing temperature is in the range of 250 ' C to 380 ' C so that the r sin can 
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easily be melt-molded. Further, since a substituent having an appropriate size is introduced to a poly- 
phenylene ether having a relatively large molecular weight in an appropriate amount, excellent mechanical 
properties inherent in the polyphenylene ether is not impaired. Still further, the substituent in the present 
invention is not a polar group .so that the desired electrical properties of polyphenylene ether, such as a low 

5 dielectric constant and a low dielectric dissipation factor are almost not impaired. In the present invention, 
the entanglement of molecules is increased due to the introduction of the substituent so that the film- 
forming ability is improved, and therefore, the curable polyphenylene ether resin of the present invention 
can be shaped by a casting method using a solvent. On the other hand, conventional polyphenylene ethers 
have almost no film-forming ability, and hence, it is difficult to shape conventional polyphenylene ethers by 

w a casting method. 

In the cured polyphenylene ether resin of the present invention, the molecular motion is markedly 
surpressed due to the curing reaction of the alkenyl group and/or alkynyl group. This advantageously 
results in an increase in glass transition temperature, a marked decrease in the linear expansion coefficient 
at a temperature higher than the glass transition temperature, and an ^solubilization in solvents for the 

75 starting unsubstituted polyphenylene ethers, such as aromatic hydrocarbon solvents and halogen-substi- 
tuted hydrocarbon solvents. 

Since the curing reaction is of an addition reaction type, formation of water as in a condensation 
reaction does not occur at all, thereby enabling a cured product having no voids to be produced. Therefore, 
the curing reaction does not cause a decrease in volume of polymer. According to the present invention, 

20 the properties inherent in the starting unsubstituted polyphenylene ether, such as excellent desired 
dielectric properties and mechanical properties, are maintained through control of the average substitution 
degree in the introduction of the alkenyl group and/or alkynyl group and control of the curing degree in the 
curing reaction. 

The cured polyphenylene ether resin of the present invention has excellent heat resistance and 

25 chemical resistance because of the cured structure formed by the alkenyl group and/or alkynyl group. The 
cured polyphenylene ether resin of the present invention has a glass transition temperature of about 220 ° C 
to more than about 300 # C which is higher than the glass transition temperature of the starting 
polyphenylene ether, by about 10 " C to more than 100 *C depending upon the curing degree of the cured 
resin. This means that the cured pplyphenylene ether resin of the present invention is useful as a material 

30 in the electronics field which is required to have an extremely high heat resistance, because a material for 
the field of electronics is necessarily exposed to high temperatures in soldering. In the present invention, 
even when the substitution degree is only about 5 %, the glass transition temperature of the cured 
polyphenylene ether resin can advantageously be increased to about 260 ° C. Moreover, the cured 
polyphenylene ether resin of the present invention is insoluble in aliphatic hydrocarbons and haiogen- 

35 substituted hydrocarbons, differing from the starting polyphenylene ethers which are soluble in these 
solvents. Therefore, the cured polyphenylene ether of the present invention can advantageously be 
employed for various practical applications. 

The cured polyphenylene ether resin of the present invention maintains most of the excellent desired 
electrical properties of the starting polyphenylene ether, such as a low dielectric constant and a low 

40 dielectric dissipation factor. Therefore, the present cured resin is extremely promising as a low dielectric 
constant material and can advantageously be employed as a material for various applications in the field of 
electronics. 

The cured polyphenylene ether resin of the present invention is excellent in mechanical properties 
because a plasticizer is not used in melt-molding the curable polyphenylene ether. The cured poly- 
45 phenylene ether resin has a tensile strength at break as high as 700 to 800 kg/cm 2 as compared to the 
cured copolymer disclosed in Example 7 of U.S. Patent No. 3,422,062, which has a tensile strength at break 
of only about 28 kg/cm 2 . 

Curing due to the alkenyl groups and/or alkynyl groups is of an addition reaction type. Therefore, in 
curing the curable polyphenylene ether resin of the present invention, byproducts such as water and gas, 

so which are generated in curing an epoxy resin and a polyimide, are not formed, providing various 
advantages in the use of the cured polyphenylene ether. That is, the cured polyphenylene ether resin can 
provide films, sheets and other articles having no voids. 

The curable polyphenylene ether resin of the present invention can readily be melt-molded. That is, the 
glass^ transition temperature of the curable polyphenylene ether resin is decreased to a range of from 140 to 

55 210 C by virtue of the introduction of specific alkenyl groups and/or specific alkynyl groups as defined in 
the present invention. On the other hand, the temperature at which the curable polyphenylene ether resin 
begins to cure is in the range of from 250 to 380 ' C. Therefore, the curable polyphenylene ether resin is 
not cured in the course of melt-molding, thereby enabling the curable polyphenylene ether resin to be 
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readily melt-molded. In other words, the curable polyphenylen resin can be melt-molded without the aid of 

'^flJcurabie polyphenylene ether resin of the present invention has a film forming capability improved 
by the introduction of an alkenyl group and/or an alkynyl group, thereby enabling the polyph nylene ether 
s resin to be readily shaped by a casting method in which a solvent is used, differing from a conventual 
unsubstituted polyphenylene ether which is extremely poor in film forming capability. 

The curable polyphenylene ether resin of the present invention maintains excellent des.red electrical 
properties inherent in the starting unsubstituted polyphenylene ether such as a low dielectric constant and a 
low dielectric dissipation factor, because the substituents of the curable polyphenylene ether resin have no 

to polarity p0 , ypne nylene ether resin of the present invention can provide a cured polyphenylene 

ether resin having excellent mechanical properties, because the curable polyphenylene ether resin can be 
melt-molded in the absence of a plasticteer. ^ WKh , 

The curable polyphenylene ether resin of the present invention has excellent storage stability, because 
, 5 the temperature for crosslinking of the alkenyl groups and/or an alkynyl groups ; in me curable poly- 
phenylene ether resin is in a relatively high temperature range, that is. 250 to 380 C. Therefore, the 
curable polyphenylene ether resin can advantageously be stored for a prolonged period of time. 

The cured polyphenylene ether resin and curable polyphenylene ether resin of the present invention are 
advantageously used as a material for a printed circuit board substrate having a low dielectric constant. 
Examples of substrates include a substrate for a single-side printed circuit board, a substrate for a double- 
side printed circuit board, a multilayer board, a substrate for flexible printed circuit board and a substrate for 
a three dimensional printed circuit board. The resin of the present invention can also be used as matenals 
for a substrate for an antenna for satellite broadcasting, a microwave oven, an insulating film for very large 
scale integration circuit (VLSI), a heat resistant adhesive and the like. 
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[Examples] 

Hereinafter, the present invention will be described in more detail with reference to Examples, which 
30 should not be construed as limiting the scope of the present invention. 
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Examples 1 to 9 



Syntheses of curable polyphenylene ether resins 



In Example 1, using 2,2'- bis(3.5-dimethyl-4-hydroxyphenyl) propane as a polyfunctions phenol com- 
pound 2 6-dimethylphenol was subjected to oxidative polymeriration. thereby obtaining a Afunctional 

40 polyphenylene ether (hereinafter referred to as PPE-1). 2.0 g of the above-obtained polyphenylene ether 
was dissolved in 100 ml of THF. Then. 1.1 ml of a 1.6 mol/l n-butyl lithium solution in hexane was added, 
and heated under reflux for 1 hour under a stream of nitrogen gas. After cooling to 23 C. 0.20 g of ally 
bromide was added, and stirred at 23 ' C for 30 min. Then, the mixture was poured into a large volume of 
methanol, thereby precipitating a polymer. The polymer was filtered off and washed with methanol three 

45 times. The washed polymer was dried under vacuum at 60 C for 12 hours, thereby obtaining a white 
powdery polymer. . 

In Examples 2 to 7. using PPE-1, substantially the same procedure as in Example 1 was repeated 
except that various amounts of n-butyl lithium and allyl bromide as indicated in Table 1 were used. 

Further, in Examples 8 to 9. using poly-2.6-dimethyM ,4-phenylene ether having a viscosity number 

so fosp/C) of 0.91 as measured in a 0.5 g/dt chloroform solution at 30.0 C (hereinafter referred to as PPE-2 
and using a Afunctional polyphenylene ether obtained by oxidative polymerization of 2.6-dimethylphenol 
using tris(3.5-dimethyl-4-hydroxylphenyl) ethane as a polyfunction^ phenol compound (hereinafter referred 
to as PPE-3), respectively, substantially the same procedures as in Example 1 were repeated. 

With respect to each of the thus obtained polymers, the viscosity number („sp/C), the substitution 

55 degree of an allyl group and the glass transition temperature were measured. The results are shown in 
Table 1. The viscosity number was measured with respect to a 0.5 g/dl chloroform solution of the polymer 
at 30 0 * C. The average substitution degree of an allyl group was determined in terms of the ratio of the 
total area of peaks attributed to the protons of alkenyl and alkynyl groups to the area of peak attnbuted to 
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the protons of phenyl groups on a 'H-NMR spectrum of the curable poiyphenyiene ether resin. With respect 
to the polymer of Example 6. the 'H-NMR spectrum (CDCl 3 solution) is shown in Fig. 1, and the IR 
spectrum (diffuse reflectance method) is shown in Fig. 2. The spectrum of Fig. 2 shows the following 
characteristic peaks: 

(1) v s. v as CH a , CH 2 (2976-2860 cm" 1 ), 

(2) v sC C(1601 cm' 1 ), 

(3) 6 as, vs CH 3 « 

3 (1 466 - 1 381 cnT 1 ) , 

vs C 

(4) ?asO C (1194 cm" 1 ). 

(5) S (out-of-plane vibration) C H (997 cm '), and 

(6) 6 (out-of-plane vibration) C H (912 cm"* 1 ). 

The 'H-NMR spectrum (CDCt 3 solution) of the polymer of Example 8 is shown in Fig. 3. With respect to 
each of the powdery polymers prepared in Examples 1 to 9, the polymer was allowed to stand at 23 C for 
6 months, and a dissolution test in chloroform was conducted- All of the polymers were dissolved 
completely, and the resultant solutions were clear. No gel was observed. 

In the measurement of glass transition temperature, a film having a thickness of about 100 urn was 
prepared by a casting method, and the glass transition temperature was measured by means of a 
thermomechanical analyzer (hereinafter referred to as TMA). In the above-mentioned casting method. 0.45 g 
of each polymer was dissolved in about 10 ml of chloroform. The resultant solution was put in a glass-made 
petri dish with flat bottom having a diameter of 70 mm and allowed to stand at 23 § C for 12 hours. The thus 
formed film was peeled off from the petri dish and dried under vacuum at 100 C for 4 hours, to thereby 
obtain a film having a thickness of about 100 am. 

Thermal curing of curable poiyphenyiene ether resins 

The film having a thickness of about 100 urn prepared by^a casting method was fixed onto a glass 
plate with a pressure-sensitive adhesive tape, and heated at 280 ' C for 30 min in an air oven. 

The thus cured film was subjected to measurements of the chloroform extract amount, the glass 
transition temperature and the linear expansion coefficient (from 23 ' C to Tg: au higher than Tg: a 2 ). The 
chloroform extract amount was determined by measuring the weight decrease after immersion in chloroform 
at 23 ° C for 12 hours as mentioned hereinbefore Tg, ai and a 2 were measured by means of TMA. 

In each of Examples 6 and 7, a sheet having a thickness of 2 mm was prepared from a powdery 
sample by the use of a vacuum pressing machine at 240 °C for 1 hour. The sheet was subjected to 
thermal curing in the vacuum pressing machine at 280 " C for 30 min. 

in Examples other than Examples 6 and 7, 20 cast films each having a thickness of 100 urn were piled 
up and subjected to press molding and thermal curing by the use of a vacuum pressing machine as 
mentioned above, to thereby obtain a cured sheet having a thickness of 2 mm. 

The thus obtained sheets were subjected to measurements of the dielectric constant ( €f ) and the 
dielectric dissipation factor (tan5 ) at 1 MHz. 

Further a portion of each sheet was reduced to powder and subjected to pyroiysis gas chromatography 
analysis, thereby determining the amount of 3,5-dimethylphenol formed. Pyroiysis gas chlomatography was 
performed under the following conditions. 

(Apparatus for pyroiysis) 

Curie point pyrolyzer JHP-3S (manufactured by Japan Spectroscopic Co., Ltd., Japan) 
Temperature of the oven: 300 * C 
Pyroiysis conditions: 500 *C, 4 second 

(Gas chromatography) 
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Gas Chromatograph 5890A (manufactured by Hewlett Packard. U.S.A.) 
Column: DB-1 (manufactured by J & W, U.S.A.) of 0.25 mm in inside diameter x 30 m in length 
Temperature of column: from 50 9 C, increased at a rate of 10 * C/min • 
Carrier gas: He 
5 Detector : FID 



(Retention time) 

to 2-methylphenol (a) 5.9 min 
2.6-dimethylphenol (b) 7.7 min 

2.4- dimethylphenol (c) 3.4 min 

3.5- dimethylphenol (d) 8.7 min 
2,4.6-trimethylphenol (e) 9,3 min 

75 Ratio of 3,5-dimethylphenol formed 

D 

= x 100 (%) 

A + B + C + D + E 

20 

wherein A, B, C, D and E represent the areas of peaks on a pyrolysis gas chromatogram attributed to the 
components (a), (b), (c). (d) and (e), respectively. 

The results are shown in Table 2. 
23 Further, the following analysis was conducted to confirm the structure of each of the cured poly- 
pheny lene ether resins. 

First, a pulverized cured polyphenyiene ether resin was subjected to infrared spectroscopic analysis by 
Fourier-transform spectroscopy (diffuse reflectance method). As a result, a skeleton of polyphenyiene ether 
was confirmed in all of the. cured polyphenyiene ether resins. Next, each of the above-mentioned pulverized 
cured polyphenyiene ether resins was immersed in deuterated chloroform (CDCh) at 23 * C for 12 hours, 
thereby extracting an uncured component. The extract was subjected to 'H-NMR analysis. The presence of 
a polyphenyiene ether chain and an ally! group was confirmed in alt of the uncured polyphenyiene ether 
resins. The spectrum of the chloroform extract was well in agreement, in chemical shift with that of the 
35 curable polyphenyiene ether resin before curing. 

In Example 2, the viscosity number (t^c) of the chloroform extracted polyphenyiene ether was 0.15. In 
Example 3. the viscosity number (tj sp /c) of the chloroform extracted polyphenyiene ether was 0.12. 



Comparative Examples 1 to 4 

According to the method as described in Example 1, allyl groups were introduced into PPE-1 so that 
the ally! group content became 0.05 %. The resultant PPE-1 was subjected to thermal curing at 280 " C for 
30 min. After completion of the curing, the thus cured polyphenyiene ether resin was subjected to 
measurements of physical properties (Comparative Example 1). 

Next, according to the method as described in Example 1 , it was tried to form PPE-1 into a film at 23 
" C. Many small cracks occurred, and it was impossible to obtain a film. In order to obtain a film having a 
sufficient mechanical properties, it was necessary that the film was formed while heating at about 60 * C. 
However, in this method, the film failed to have plain surface and uniform thickness. With respect to the 
uncured film and the cured film obtained by heating the uncured film at 280 " C for 30 min according to the 
method as described in Example 1. physical properties were measured (Comparative Examples 2 to 3). 
PPE-2 also could not be formed into a film at 23 " C. A film of PPE-2 was formed at about 60 * C. The 
resultant film was subjected to heat treatment according to substanti ally the same manner as mentioned 
above. The thus obtained PPE-2 film was subjected to measurements of physical properties (Comparative 
Example 4). The results are shown in Tabl 2. 

In all of the films, the effect of allyl groups was absent or insufficient That is, in contrast with the resins 
of the Examples, th chloroform extract amount was large, meaning that th chemical resistance was not 
sufficiently improved. In Comparative Example 2, improvement of h at resistanc was not observed at all. 

22 
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Comparative Example 5 

The same curable pofyphenylene ether resin as employed in Example 7 was cured by heating at 320 
"C for 1 hr. The thus cured polypheny lene ether resin exhibited a chloroform extraction amount of 0 %. 
The resin was very brittle, and hence was not suited for actual use. 
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Examples 10 to 16 

5 

Synthesis of curable polyphenylene ether resin 

Incorporation of an allyl group into PPE-1 was performed in substantially the same manner as In 

w Example 1, thereby obtaining a polymer having an average allyl group substitution degree of 10 %. 1.8 g of 
this polymer was dissolved in 60 ml of chloroform, and 2.2 ml of a 1.0 mol/Iiter dichloromethane solution of 
bromine was added. The mixture was agitated at 23 ' C for 30 min, and a large volume of methanol was 
poured to the mixture, thereby depositing a polymer. The polymer was filtered off, and washed with 
methanol. This was repeated three times in total. Then, the polymer was dried in vacuo at 60 * C for 1 2 hr. 

/5 Thus, a white powdery product was obtained. 

The whole amount of the product was dissolved in 100 ml of tetrahydrofuran, and cooled to -70 C. A 
tetrahydrofuran solution of lithium diisopropylamide prepared from 0.52 g of diisopropylamine and 3.3 ml of 
1.6 mol/t n-butylithium was added to the solution, and agitated under a nitrogen atmosphere for 5 min. A 
small amount of methanol was added, thereby terminating the reaction. The temperature of the mixture was 

20 increased to about 25 ° C, and the mixture was poured into a large volume of methanol. With respect to the 
thus deposited polymer, the average propargyl group substitution degree was measured by means of 1 H- 
NMr. The average propargyl group substitution degree was in agreement with the average allyl group 
substitution degree (Example 10). 

The above procedure was repeated except that the average allyl group substitution degree was varied 

25 as shown in Table 3 (Examples 1 1 to 1 4). Moreover, with respect to each of the polymers obtained by 
incorporating an ally! group into PPE-2 and PPE-3, a similar reaction was performed (Examples 15 and 16). 

The reaction conditions and the properties of the obtained polymers are shown in Table 3. The viscosity 
number fosp/c), average substitution degree and Tg were determined in substantially the same manners as 
in Examples 1 to 9. With respect to all of the polymers, the average propargyl group substitution degree 

30 was in agreement with the average substitution degree of precursor allyl groups. 'H-NMR spectrum (CDCX 3 
solution) of the polymer of Example 12 is shown in Rg. 4, and IR spectrum (diffuse reflectance method) of 
the polymer is shown in Fig. 5. The spectrum of Rg. 5 shows the following characteristic peaks: 

(1) „ s =C H (3307 crrr 1 ), 

(2) u s, v as CH 3 , CH 2 (3027 - 2862 cm- 1 ), 
35 (3) v s C — C (1603 cm" 1 ), 

(4) das CH 3 

(1470 cnT 1 ), 

v s C—C 

40 

(5)5s CH 3 (1381 cm"'), and 
{Q)p asO C (1190 cm" 1 ). 

45 

Thermal curing of curable polyphenylene ether resin 

With respect to each of the obtained polymers, a cast film having a thickness of about 100 urn was 
prepared in substantially the same manner as in Examples 1 to 9. This film was sandwiched between glass 
50 plates, and heated in an air oven of 260 * C for 30 min. In Examples 10 to 12, 15 and 16, a 2 mm-thick 
sheet was prepared by subjecting the above-mentioned films to vacuum press molding at 220 C for 1 hr 
and at 260 * C for 30 min. In Examples 13 and 14, a 2 mm-thick film was prepared directly from powdery 
polymer product by vacuum press molding operated under conditions as mentioned above. 

The physical properties of the polymers measured with respect to such films and sh ets are shown in 
55 Table 4. The measurement of the properties was conducted in substantially th same manner as in 
Examples 1 to 9. 

With respect to all of the Examples, a polyphenylene ether matrix was confirmed by pulverizing a cured 
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product and subjecting the powder to FT-IR (diffuse refl ctanc method). The presence of a poiyphenylene 
ether chain having the same structure as that before curing, in a CDC 1 3 extract was confirmed by means of 
; H-NMR. 

5 

Comparative Example 6 

The curable poiyphenylene ether resin as employed in Example 14 was cured by heating at 340 * C for 
1 nr. The thus cured poiyphenylene ether resin exhibited a chloroform extraction amount of 0 %. The resin 
10 was very brittle, and hence was not suited for actual use. 
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Examples 17 to 22 

5 

Synthesis of curable polyphenyiene ether resins 

Substantially the same reaction as in Examples 1 to 9 was conducted except that various alkenyl 
io halides as shown in Table 5 were employed instead of ally! bromide. PPE-1 was used in Examples 17 and 
18. Poly 2,6-dirnethyM ,4-phenylene ether [viscosity (*?sp/c): 0.59 (hereinafter referred to as PPE-4)] was 
used in Examples 19 to 21 . Bis(3,5-dimethyl-4-hydroxyphenyt)sulfone as a polyfunctionaJ phenol com- 
pound, and a Afunctional polyphenyiene ether obtained by oxidative polymerization of 2,6-dimethyl phenol 
(hereinafter referred to as PPE-5) were used in Example 22. Toluene/TMEDA (100 ml + 2.5 ml) was used 
is as a solvent instead of THF in Examples 19 and 22. 

The reaction conditions and results are shown in Table 5. 

When each of the resins obtained in Examples 19 to 21 was dissolved in trichloroethylene and the 
resultant solution was stored for 3 months, no formation of gel occurred. 

20 

Thermal curing of curable polyphenyiene ether resins 

The resins obtained were thermally cured in substantially the same manner as in Examples 1 to 19 and 
the physical properties of the resultant cured resins were measured. The results are shown in Table 6. 

25 With respect to a fine powder of each of the cured polyphenyiene ether resins, FT-IR measurement was 
conducted in substantially the same manner as in Examples 1 to 19, thereby confirming that all of the cured 
resins comprised a chloroform nonextractable polyphenyiene ether skeleton. The fine powder of the cured 
polyphenyiene ether resins was subjected to extraction with deuterated chloroform (CDCl3>, and then the 
resultant CDCia extract was subjected to 'H-NMR measurement in substantially the same manner as in 

30 Examples 1 to 19. As a result, the presence of a polyphenyiene ether chain having the same structure as 
that of the curable polyphenyiene ether resins was confirmed. 

In example 19, the viscosity number fasp/c) of the chloroform extracted polyphenyiene ether was 0.20. 
In Example 22, the viscosity numnber (?/sp/c) of the chloroform extracted polyphenyiene ether was 0.07. 

35 

Comparative Example 7 

The substitution reaction, thermal curing and measurement of physical properties were performed in 
substantially the same manner as in Example 17, except that the substitution degree was changed to 0.05 
40 %, The results are shown in Table 6.. As apparent from Table 6, chemical resistance. improvement was not 
sufficient. 
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Examples 23 to 25 

s 

Syntheses of curable polyphenylene ether resins 

In Examples 23 and 24, 3-butenyl groups were introduced into PPE-1 in substantially the same manner 
io as in Examples 17 and 18. Further, the 3-butenyl groups were converted to 3-butynyl groups in 
substantially the same manner as in Examples 10 to 16. During the above-mentioned reaction, the average 
substitution degree was not changed. 

In Example 25, 5-hexenyl groups were introduced into PPE-5. Further, 5-hexenyl groups were con- 
verted to 5-hexynyl groups in substantially the same manner as in Examples 10 to 16 except that a 
75 commercially available sodium amide was used instead of diisopropylamine, and that the reaction was 
conducted at -70 * C for 30 min. The average substitution degree was not changed. The reaction conditions 
and the results are shown in Table 7. 

20 Thermal curing of curable polyphenylene ether resins 

Each of the above-obtained curable polyphenylene ether resins was subjected to thermal curing in 
substantially the same manner as in Examples 10 to 16, at 260 * C for 30 min, thereby obtaining a sheet of 
the cured polyphenylene ether resin having a thickness of 2 mm. The thus obtained sheet was subjected to 
25 measurements of physical properties. The results are shown in Table 8. 

Further, each of the sheets was reduced to powder and subjected to infrared spectroscopic analysis by 
Fourier-transform infrared spectroscopy (diffuse reflectance method). As a result, the presence of a skeleton 
of polyphenylene ether resin was confirmed with respect to all of the sheets. 

Moreover, each of the sheets was subjected to extraction with deuterated chloroform, and -the extract 
so was subjected to 1 H-NMR analysis. As a result, it was confirmed that a polyphenylene ether chain having 
the same structure as that of the uncured polyphenylene ether was present in the extract. 
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Examples 26 to 30 

5 

Syntheses of curable polyphenylene ether resins 

Substantially the same procedure as in Examples t to 9 was repeated except (hat various alkynyl 
70 halides were used instead of ally! bromide. The reaction conditions and the results are shown in Table 9. In 
Examples 26 to 28. PPE-4 was used as a raw material. In Example 29. a polyphenylene ether resin having 
a Afunctional phenol residue, which was synthesized from 3.3 ,5.5'-tetramethylbiphenyl-4,4 -diol and 2,6- 
dimethylphenol was used. In Example 30, PPE-1 was used as a raw material. Further, in Example 29, the 
reaction was conducted in a slurry using as a solvent a mixture of 100 ml of cyciohexane and 2.5 ml of 
rs TMEDA. 



Thermal curing of curable polyphenylene ether resins 

20 ■ In substantially the same manner in Examples 10 to 16, each of the above-obtained curable poly- 
phenylene ether resins was subjected to thermal curing at 260 ' C for 30 min. to thereby obtaining a sheet 
of the cured polyphenylene ether resin having a thickness of 2 mm. The thus obtained sheet was subjected 
to measurements of physical properties. The results are shown in Table 10. 

Further, each of the sheets was reduced to powder and subjected to infrared spectroscopic analysis by 

25 Fourier-transform infrared spectroscopy (diffuse reflectance method). As a result, the presence of a skeleton 
of polyphenylene ether resin was confirmed with respect to all of the sheets. 

Moreover, each of the sheets was subjected to extraction with deuterated chloroform, and the extract 
was subjected to -H-NMr analysis. As a result, it was confirmed that a polyphenylene ether chain having the 
same structure as that of the uncured polyphenylene ether was present in the extract. 

30 In Example 30, the viscosity number (nspc) of the chloroform extracted polyphenylene ether was 0.22. 



Comparative Example 8 

35 According to the method as described in Example 30, propargyl groups were introduced into PPE-1 so 
that the propargyl group content became 0.05 %. The resultant PPE-1 was subjected to thermal curing at 
260 *C for 30 min. After completion of the curing, the thus cured polyphenylene ether resin was subjected 
to measurements of physical properties. As a result, it was found that the chemical resistance was not 
sufficiently improved. The results are also shown in Table 10. 



45 



SO 



55 



40 



oxicrvmrv ,cd (wwvjka , i ^ 



EP 0 309 025 A1 




41 



EP 0 309 025 A1 




42 



EP 0 309 025 A1 



to 



15 



20 



25 



30 



35 



40 



45 



Examples 31 to 35 



$ 3 3 



100 parts by weight of a poly-2,6-dimethyl-1,4-phenylene ether into which ailyl groups were introduced 
as substituents at an average substitution degree of 10 % and which had a viscosity number ( ij sp/c) of 

so 0.62 as measured in a 0.5 g/di chloroform solution at 30.0 # C and 3 parts by weight of each of various 
radical polymerization initiators as shown in Table 11 were dissolved in 3000 parts by weight of chloroform. 
From each of the resultant solutions, films each having a thickness of about 100 urn were prepared in 
substantially the same mann r as in Examples 1 to 9 except that th films were dried in vacuo at 80 * C for 
4 hours. The films were sandwiched b tween a pair of glass plates and heated at a temperatur as shown 

55 in Table 1 1 for 30 min in an air oven. 

S parately, with resp ct to each of the resins, 10 films as mentioned above were piled up and 
subjected to pr ss molding by m ans of a vacuum pr ssing machin at 280 *C for 30 min, thereby 
obtaining a cured sheet having a thickness of 1 mm. 
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The above-obtained films and sheets were subjected to measurements of the chloroform extract amount 
and the amount of 3,5-dimethylphenol formed in substantially the same manner as in Examples 1 to 9. Th 
results are shown in Table 1 1 . 

As apparent from the results shown in Table it, the use of a free-radical initiator enabled the 
chloroform extract amount to be decreased. 

Further, the films and sheets were each reduced to powder and subjected to infrared spectroscopic 
analysis by Fourier-transform spectroscopy (diffuse reflectance method). As a result the presence of a 
skeleton of polyphenylene ether was confirmed with respect to ail of the films and sheets. 

Moreover, the films and sheets were each subjected to extraction with deuterated chloroform, and the 
extract was subjected to 1 H-NMR analysis. As a result, it was confirmed that a polyphenylene ether chain 
having the same structure as that of the uncured polyphenylene ether was present in the extract. 

In Example 31, the viscosity number (qsp/c) of the chloroform extracted polyphenylene ether was 0.19. 
Further, the viscosity numbers fasp/c) of the chloroform extracted polyphenylene ethers in Examples 32, 33 
and 34 were 0.10, 0.09 and 0.09, respectively. 

Table 1 1 





Radical polymerization initiator 


Curing 
temperature 

rc> 


Choroform 
extraction ratio 
(%) 


Ratio of 
3,5-dimethyl 
phenol (%) 


Example 31 


none 


280 


3.0 


10.8 


Example 32 


2,5-dimethyl-2,5-di(t-butylperoxy) hexyne-3 


280 


1.7 


14.0 


Example 33 


dicumyl peroxide 


260 


1.6 


13.8 


Example 34 


di-t-butylperoxide 


260 


1.6 


13.3 


Example 35 


2.3-dimethyl-2.3-diphenylbutane 


300 


1.3 


14.2 



Examples 36 to 39 

1.4 g of a poly-2,6-dimethyl-l,4-phenylene ether into which ailyl groups were introduced as substituents 
at an average substitution degree of 10% and which had a viscosity number ( nsp/c) of 0.62 as measured in 
a 0.5 g/dt chloroform solution at 30.0 *C and 42 mg of 2,5-dimethyl-2.5-di(t-butylperoxy) hexyne-3 were 
dissolved in 40 ml of chloro form. The resultant solution was put in a glass-made petri dish with a flat 
bottom having a diameter of 220 mm and allowed to stand at about 23 *C for 12 hours. The thus formed 
film was peeled off from the petri dish and dried at 80 " C for 4 hours, thereby obtaining a film having a 
thickness of about 100 urn. The film was sandwiched between a pair of glass plates and heated at 280 * C 
for 30 min in an air oven. From the thus obtained cured film, a strip having a width of 1 cm was cut off. The 
strip was subjected to measurements of tensile strength at break and tensile elongation at break (Example 
36). 

On the other hand, with respect to the film which was not subjected to heat treatment, also, the tensile 
strength at break and tensile elongation at break were measured (Example 37). 

Further, substantially the same procedure as mentioned above was repeated except that a poly-2.6- 
dimethyM ,4-phenylene ether into which ally! groups were introduced as substituents at an average 
substitution degree of 18 % and which had a viscosity number ( qsp/c) of 0.47 as measured in a 0.5 g/dt 
chloroform solution at 30.0 * C was used to thereby obtain a film. The resultant strip film was subjected to 
measurements of tensile strength at break and tensile elongation at break (Example 38). 

Moreover, with respect to the just above-mentioned film before heat treatment, also, the tensile strength 
at break and tensil elongation at break were measured (Example 39). 

Th results are shown in Table 12. Ail of the resins exhibited excellent tensil strength at break. 
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Table 12 





Ally I group content in 
curable PPE (%) 


Curing 


Tensile strength at 
break (kg/cm 2 ) 


Tensile elongation 
at break (%) 


Example 36 


10 


Yes 


780 


11 


Example 37 


No 


700 


10 


Example 38 


18 


Yes 


720 


10 


Example 39 


No 


660 


10 



75 

Claims 

1. A cured poiyphenylene ether resin comprising a chloroform nonextractable polypheny iene ether and 
a chloroform extractable poiyphenylene ether, 
20 said resin being decomposable by pyrolysis gas chromatography to form (a) 2-methylphenol, (b) 2,6- 
dimethylphenol, (c) 2,4-dimethylphenol, (d) 3,5-dimethylphenol and (e) 2,4,6-trimethylphenol in proportions 
such that said components (a), (b), (c). (d) and (e) satisfy the following inequality: 

25 40 2 x 100 ^ 7.0(%>, 

A + B + C + D.+ E 

wherein A, B, C, D and E represent the areas of peaks on a pyrolysis gas chromatogram attributed to said 
3Q components (a), (b), (c), (d) and (e), respectively. 

said chloroform extractable poiyphenylene ether being present in an amount of from 0.01 to 20 % by 
weight, based on the weight of said resin, as determined from "the amount of a chloroform extract obtained 
by treating the resin with chloroform at 23 " C for 12 hours, 
said chloroform extractable poiyphenylene ether containing units of the formula: 

35 

r 2 CH 2 -R L 

— (5) o— (i) 

4~\ 4 
R CH 2 -R* 

45 wherein R 1 , R 2 , R 3 and R* each independently represent a hydrogen atom, an alkenyl group represented by 
the formula: 

— fCHjtl C=C (ID 
so \ n R 

R 

wherein 1 is an integer of from 1 to 4, and R 5 , R 6 and R 7 each independently represent a hydrogen atom 
55 or a methyl group, 

or an alkynyl group represented by the formula: 



— f CH OC-R 8 (III) 
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wherein k is an integer of from 1 to 4 and R a repres nts a hydrogen atom, a methyl group or an ethyl 
group. 

at least one of R\ R 2 , R 3 and R 4 being other than hydrogen, 
5 with the proviso that each unit may be the same or different. 

2. The cured polyphenytene ether resin according to claim 1, wherein said chloroform extractable 
polyphenylene ether is present in an amount of from 0.01 to 10 % by weight, based on the weight of said 
resin. 

3. The cured polyphenylene ether resin according to claim 1 or 2, wherein said alkenyi group is an ailyl 
io group. 

4. The cured polyphenylene ether resin according to claim 1 or 2. wherein said alkynyl group is a 
propargyl group. 

5. The cured polyphenylene ether resin according to claim 1, wherein said chloroform extractable 
polyphenylene ether has a viscosity number (nsp/c) of from 0.05 to 1.0 as measured in a 0.5 g/di 

75 chloroform solution of the chloroform extractable polyphenylene ether at 30 * C. 

6. A curable polyphenylene ether resin comprising at least one polyphenylene ether represented by the 
formula: 

Q ' — J H] m (IV) 

20 

wherein m is an integer of from 1 to 6, J is a polyphenylene ether chain comprising units of the formula: 

2 1 
R Z CH 0 -R X 

~{o) o- <*> 

*4\ 4 
R J CH.-R* 

30 - * 

wherein R\ R 2 . R 3 and R* each independently represent a hydrogen atom, an alkenyi group represented by 
the formula: 



-iCHj+r C=C (II) 
I X R 6 



R 7 



wherein I is an integer of from 1 to 4, and R 5 , R 5 and R 7 each independently represent a hydrogen atom 
or a methyl group; 

or an alkynyl group represented by the formula: 

45 — ^ CH 2 ) k OC-R 8 (III) 

wherein k is an integer of from 1 to 4 and R 8 represents a hydrogen atom, a methyl group or an ethyl 
group. " y 

at least one of R ! , R 2 , R 3 , and R* being other than hydrogen, and 
so Q represents a hydrogen atom when m is 1. and represents Q or Q substituted with at least one 
substituent selected from the group consisting of an alkenyi group as defined above and an alkynyl group 
as defined above when m is greater than 1 , 

said Q representing the residue of a polyfunction^ phenol having from 2 to 6 phenolic hydroxyl groups and 
having unpoiymerizable substituents at the ortho and para positions with respect to the phenolic hydroxyl 
groups, 

with th proviso that each polyphenylene ether chain may be the same or different, 

said curable polyphenylene ether resin having an average substitution degree of alkenyi and alkynyl groups 

of from 0.1 to 100 % by mole as defined by the formula: 

46 
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total number of moles of alkenyl and alkynyl 
groups in the polyphenylene ether resin 

: x 100(%) 

number of moles of phenyl groups in the 
■polyphenylene ether resin 



the ratio of the total number of moles of alkenyl and alkynyl groups to the number of moles of phenyl 
10 groups being determined in terms of the ratio of the total area of peaks attributed to the protons of alkenyl 

and alkynyl groups to the area of peak attributed to the protons of phenyl groups on a 'H-NMR spectrum of 

the curable polyphenylene ether resin. 

7. The curable polyphenylene ether resin according to claim 6 t having a viscosity number fasp/c) of 

from 0.2 to 1.0 as measured in a 0.5 g/d£ chloroform solution of the resin at 30 * C. 
; s 8. The curable polyphenylene ether resin according to claim 6 or 7, wherein said average substitution 

degree is from 0.5 to 50 % by mole. 

9. The curable polyphenylene ether resin according to claim 6, 7 or 8, wherein m is 1 and Q' 
represents a hydrogen atom. 

10. The curable polyphenylene ether resin according to claim 6, 7 or 8, wherein m is 2 and Q 
20 represents a bifunctional phenol residue. 

11. The curable polyphenylene ether resin according to claim 10, wherein said bifunctional phenol 
residue is represented by the formula: 



25 



30 




12. The curable polyphenylene ether resin according to claim 10, wherein said bifunctional phenol 
residue is represented by the formula: 



CH., CH 



40 




CH 3 CH 3 



45 

13. The curable polyphenylene ether resin according to claim 10, wherein said bifunctional phenol 
residue is represented by the formula: 



50 




14. The curable polyphenylene ether resin according to claim 6, 7 or 8, wherein m is 3 and Q 
represents a Afunctional phenol residue. 
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15. The curable polyphenylene ether resin according to claim 14, wherein said Afunctional phenol 
residue is represented by the formula: 



70 



75 




20 



16. The curable polyphenylene ether resin according to any one of claims 6 to 15, wherein said alkenyl 
group is an allyl group. 

17. The curable polyphenylene ether resin according to any one of claims 6 to 15, wherein said alkynyl 
group is a propargyl group. 
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